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TOXiCnY  IN  IK  iUT  OF  SMQU  FII0DIX3D  BY 

OF  AIRCIL^  AUDIO  CAM£  ]^6TOA110N 


INmODUClION 


AttewqiieatoflheNwil  Air\WKfireCBBiBrAkcnrftDivBi(»!ni1i«ii|inlisfflAWClndMMpolisXtt>e 

Nival  Msdical  Rcinidi  bMtitote  (Toodoology)  miiwtigpiriil  the  conthition  taadcity  of  ahctaft  awho  cute  wire 
jackaling  mlBriaL  The  objective  of  Ite  vres  to  deleniBne  tire  bciatvionJ  toMookigy  of  d»  coniiiMtion 
products  fiom  tireee  Biller^  The  aeadaiioBs  hnji!  itiptoriri  were  a  po^yetirer  polyurethane  (FEPU),  styrene 
butadieoe  robber  (SKX  and  styrene  haadiene  robber  with  fte  wtiidant  (SBRFIO. 

In  dre  fire  situBtion,  loss  of  capability  to  perfonn  pfaysacai  and  mental  taaks  often  precedes  death,  but 
conventkaial  condantion  topocity  evaluations  use  death  as  the  nreaaured  eni^point  sinoe  perfennanDe  loss  uautily 
results  in  death.  However,  durii^  flight  tirerew  nrembers  ire  odled  upon  to  oompkae  oonoplex  tatics  for  survi^ 
even  in  extreme  situations,  so  snrell  perfbnnsnce  decrenrents  can  sigiificantly  aflto  crew  survival.  Therefere, 
tins  study  was  conducted  ustog  a  perfanuanoe  decrement  nreasure  as  an  index  of  totdcity.  Hevious  studies  have 
invest^ated  dre  rdationti)^  between  deatfi  and  incapacitftion.  Hidtigo^s  group  nudified  dre  ledud  enilpoint 
nreasurement  to  indude  an  esiadae  wired  and  measaed  the  thne  until  a  rot  could  no  looger  ron  as  an  indicator 
mcapadtadon.  They  continued  esqxisure  to  dre  point  where  the  lat  no  longer  moved  as  a  nreasurenrent  of 
time  to  deadi  (1-4).  Similaily,  Chare  used  a  motorined  wired  as  a  method  to  assess  loss  of  dality  to  walk  (S,d). 
In  general,  di^  studies  deureiistiatBd  that  there  is  a  good  conelation  between  time  to  death  and  time  to 
incapacitation  if  the  smoke  oonoentiation  is  ultinaidy  lethal  (7-9).  These  observations  do  not  nde  out  die 
possibility  diat  there  are  materials  for  wlucfa  the  smoke  may  not  be  lethd  but  quite  jncaparitaling- 

In  the  present  study,  the  Chare  naming  wheel  apparatus  was  converted  to  allow  measuring  a  nonktiial 
perfiamanoecndpcMnt  by  providmg  for  tire  acfcnission  of  fiesh  air  after  the  exposed  ammal  becomes  mcapadtated. 
With  diis  nndification,  a  second  measure  of  smoke  tOKkity  can  be  made  if  te  time  for  the  eapoaed  ani^  to 
regain  the  ability  to  walk  is  measured.  Iking  tins  approach,  both  the  rdative  ability  of  amdation  combusLon 
products  to  produce  unconsciousness  as  well  as  die  duration  of  unconsciouBness  can  be  meaaiaed.  Attire 
completion  rf  these  studies,  animals  were  sacrificed  and  cammed  hiatopatiiokigically  to  deiennure  if  there  was 
any  sign  of  acute  agm  tooddty.  Thus,  bodi  die  taodc  potency  and  duration  of  effect  produced  by  die 
oondiustion  products  are  estinailed  in  this  egqxrinwnL  These  endpoints  are  idevant  to  the  effects  (rf*  these 
combustion  products  on  aircrews  in  that  die  time  to  incapachation  and  the  length  of  reoovoy  are  critical  to 
aircrew  survival  in  aircraft  fire  situations. 

Snoe  the  potential  exists  for  the  combustion  products  fiom  these  maleriris  to  be  respirakayirritanis,  a 
second  set  of  experiments  were  conducted  to  assess  die  potential  for  pulmonatyr  irritancy.  These  stotfies  provide 
aineasureofcdlular  injury  in  dre  tower  re^arakayttact  and  a  meaaure  of  reapirakay  tract  recovery.  Thesedala 
provide  infiamatton  on  the  potential  for  tn^  o^gan  toxicity  in  ad£tion  to  the  measures  of  wbede  ammal 
response  represented  ty  die  behavioral  decrement  sturhes  described  above. 


MATERIALS 


Teat  materials  used  for  these  studies  were  supplied  to  Nb^I/TD  by  NAWC  Indianapolis  as  samples  of 
production  materials.  Three  chases  of  material  were  obtaioed:  potyedwr  potyureduare  malerial  (PEPU), 
thermoset  rubber  material  (SMQ,  and  thennoset  nddrer  materuJ  with  a  flame  wtawfent  additive  (SBRFRX  The 
mataruds  were  supidiedeidier  as  fixiHnch  square  mats  or  as  apraesfiom  casting  opertetons.  Dongfeafirwood 
was  used  as  a  posftive  oontnd. 
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METHODS 


Inhalation  Exaoiiire 

Male  Ftteher  344  rats  weighing  24(M15  grains  (  x  *  355  )  were  hnfividuelly  exposed  to  combustion 
pioduets  from  the  non>fluning  combustion  of  the  test  msulation  metefiels.  Five  lepetitions  of  each  exposura 
wen  perfonned.  The  exposun  system  naed  was  a  modified  version  of  that  develop  by  the  Federal  Aviation 
Administration.  Modifrcatioo  included  the  use  of  a  Lindbmg  tube  fiimaoe,  meertioo  of  an  oxygen  monitoring 
electrode,  and  sectional  glass  tubes  for  bmaking  the  neireiUating  loop  to  allow  die  entiy  of  fredi  air.  This 
apparatus  is  illustrated  in  Figura  1. 


FIGURE  1.  Exposun  Apparatus  for  Combustion  Toxicity.  The  eiqiosora  ^stem  is  a  modification  of  the 
FAA>type  exposun  apparatus  having  a  total  volume  of  17  liters. 


Prior  to  the  start  of  the  exposun,  die  test  animals  wen  weighed  and  loaded  into  the  exposun  chamber 
walking  wheel.  The  wheel  was  thra  |daced  into  the  aciylic  chember  and  the  front  cover  rqilao^  and  ti^itened. 
The  seams  and  edges  of  chamber  wen  then  sealed  with  vacuum  grease  to  prevent  combustion  product  leaks 
during  the  combustion  phase.  The  time  and  mon^oring  instrumentation  values  wen  recorded,  and  the  furnace 
was  en^ged.  When  the  optimal  furnace  tenqientun  nt  point  (500  X!)  was  reached,  a  predeteimined  weight  of 
test  material  was  placed  in  a  ceramic  boat  and  loaded  into  the  center  of  the  furnace.  As  soon  as  smoke  was 
obs^^  at  the  exposun  chamber  inlet,  the  recinulation  fans  wen  started  in  order  to  maintain  air  cinulation, 
and  the  walking  v^eel  was  engaged.  Immediately  after  the  wheel  motor  was  engaged,  a  timer  was  activated  in 
order  to  measun  elapsed  time  to  incapacitation. 

Immediately  after  the  test  ■ninwl  became  incapacitated,  the  time  and  mmiitoring  instrumemation  values 
wen  recorded.  Fnsh  air  was  then  mtroduced  into  the  qrstem  by  removing  the  section  of  die  ncireulatioa  loop 
between  the  furnace  and  the  exposun  chamber  and  disconnecting  the  clamp  directly  to  the  rear  of  the  ftimace 
tube.  In  this  configuration,  the  recirculation  fans  draw  fredi  air  into  the  exposun  chamber,  purging  the 
combustion  gases.  Even  thou^  the  furnace  was  rinU  off  three  miniites  after  smoke  production  was  observed, 
the  ceramic  boat  and  any  residual  test  material  remained  in  the  furnace  and  wen  heated  for  the  duration  of  the 
incapacitation  phase  of  the  experiment  During  the  racoveiy  jriian  of  the  experiment,  gases  exhausted  from  the 
furnace  and  exposme  chamber  wen  removed  from  the  hood  enelosura  by  a  scrubber-equipped  hood  exhaust 
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system.  Upon  conq>letion  of  etch  exposuie,  the  weight  of  the  residue!  test  material  was  recorded. 


Preliminary  experiments  were  conducted  in  order  to  estaUish  the  range  of  the  incapacitation  measure 
employed  in  this  experiment  The  comparative  testing  dose  range  (CTDR)  for  this  experiment  was  defined  as 
the  dose  range  empirically  determined  to  produce  incapacitation  within  30  minutes  of  exposure  but  not  before  S 
minutes  after  the  onset  of  smoke  generation.  Incapacitation  was  defined  as  the  observed  inability  of  an  sniinMl 
to  support  or  right  himself  with  the  wheel  moving  at  a  linear  velocity  of  approximately  4  cm/sec.  For  each  of 
the  materials  tested,  the  CTDR  was  determined  using  an  up/down  dose  procedure  widi  indivkfaial  test  on  each  of 
three  aninuls.  The  initial  maw  of  material  burned  was  approximately  one-tenth  the  reported  lethal  dose  of 
wood  or  other  rubber  compoutKls.  For  successive  determinatiotu.  the  dose  was  doubled  until  the  sninial 
response  fell  within  the  defined  range.  After  the  CTI^  was  determined,  dose  reqwnse  determinations  were 
carried  out  on  five  aninuils,  individually  exposed,  both  in  the  morning  and  afternoon  for  each  rrwterial  tested. 


Recovery  from  the  effects  of  combustion  product  inhalation  was  determined  by  measuring  the  elapsed 
time  between  incapacitation  and  the  time  that  it  took  each  animal  to  regain  consciousness  and  walk  in  response 
to  a  momentary  rotation  of  the  wheel.  After  the  incapacitation  criterion  was  met,  fresh  air  was  immediately 
introduced  into  the  exposure  system,  arxl  the  wheel  was  stopped.  Every  10  seconds  thereafter,  the  wheel  was 
rotated  approxinutely  ninety  degrees  until  the  animal  was  able  to  stand  and  walk  in  response  to  the  wheel's 
rotation. 


Chemical  Analysis 

Ehiring  exposure  and  recovery,  the  percentage  of  was  monitored  using  a  Hudson  oxygen  monitor 
(Model  SS90  Hudson  Ventronics,  Tumecula,  CA.).  In  a  separate  set  of  experiments,  smoke  gases  in  the 
inhalation  chamber  were  collected  by  drawing  samples  of  &e  chamber  atmosphere  through  a  teflon  sampling 
line  to  an  evacuated  sample  bag  at  approximately  S  Lhnin.  Chemical  analysis  of  the  combustion  atmosi^ere 
was  conducted  using  a  Nicolet  740  fourier  transform  infrared  spectroidiotometer  (Model  740,  Nicolet 
Instruments,  Madison,  WI)  (FTIR).  The  instrument  was  equipped  with  a  20-m  gas  cell,  an  absolute  pressure 
transducer  (Baratron  1 22a,  MRS  Instruments,  Andover,  MA),  and  an  MCT-A  detector  cooled  to  77  K  with 
liquid  nitrogen.  Spectra  were  acquired  with  a  resolution  of  O.S  cm*'  over  the  spectral  range  of  600-5100  cm''. 

Pulmonary  Pathology 

During  the  initial  experimentation,  signs  of  pulmonary  irritation  were  noted  in  animals  exposed  to 
polyether  polyurethane  insulation  material  combustion  products.  The  animals  exposed  to  combustion  products 
from  this  material  were  held  for  10  days  and  sacrificed  for  pathological  eyaluation  of  the  re^ratory  tract. 

Other  animals  did  not  exhibit  these  signs  and  were  not  examined  histologically. 

Preyious  studies  haye  demonstrated  that  changes  in  bronchoalyeolar  layage  fluid  (BALF)  LDH  and 
total  protein  leyels  are  sensitiye  indicators  of  lung  injury  (10-12).  IiKreases  in  LDH,  a  cytosolic  enzyme,  are 
indicative  of  cytotoxicity,  while  changes  in  total  protein  suggest  exudation  of  plasma  proteins,  i.e.  alterations  in 
the  alveolar-capillary  barrier  (12-13).  Therefore,  an  additional  experiment  was  carried  out  to  assess  the 
pulmoiuity  irritation  potential  of  polyether  polyurethane  insulation  nuiterial  combustion  products.  Groups  of 
three  rats  were  individually  exposed  to  the  combustion  products  of  0.4  g  of  Douglas  Fir  and  0.4.  g  of  polyether 
polyurethane.  Exposure  continued  until  the  each  rat  was  incapacitated.  Three  naive  animals  served  as  a  control 
group.  Immediately  after  exposure,  two  rata  were  euthanized  with  SO  mg/kg  of  pentobarbital.  Single  animals 
were  held  one  week  after  exposure  to  determine  the  extent  of  recovery.  The  abdomen  was  opened  and  the 
trachea  cannulated.  The  lung  was  lavaged  three  times  with  10  ml  of  phosphate  bufter  solution  (PBS)  and  the 
washings  combined  and  centrifuged  (SOOxg  for  10  min).  The  supernatant  (BALF)  was  analyzed  for  total  protein 
and  lactate  dehydrogeiuse  (LDH)  activity.  An  increase  in  toul  protein  was  taken  as  indicative  of  an 
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inflamnatofy  rcqieme  intgiiifive  of  as  allmiMO  m  alvedar  eqiillariaa.  laeraaaed  LIXf  was  takas  as  a  nakMr 
of  eytotoxieity  (oellular  iajtay). 


Hiitemtiwlttgae 

Test  and  control  animals  were  euthanized  with  carbon  dioxide  vapor.  Conqilete  necropsies  were 
performed,  and  gross  findings  were  recorded  during  proseetion.  In  addition  to  tissues  with  gross  lesions,  the 
tissues  collected  for  histopathologic  examination  were:  heart,  larynx,  lung,  trachea,  nasal  turbinates,  salivary 
gland,  mandibular  lymph  node,  esophagus,  spleen,  hver,  kidney,  urimuy  bladder  and  vesicular  gland.  Tissues 
collected  for  histopathologic  examination  were  fixed  in  10%  neutral-buffered  formalin  and  trimmed  for 
histologic  processing.  Via  routine  methods  (14),  the  tissues  were  embedded  in  paraffin,  sectioned  at  4  to  7  |tm., 
and  stained  with  henutoxylin  and  eosin. 

RESULTS 


Combustion  of  the  materials  tested  was  prirtuuily  by  pyrolysis  arxl  charring;  flaming  conditions  were 
not  observed.  Table  I  shows  the  weight  range  of  material  burned  for  each  iruterial  and  the  lowest  oxygen 
concentration  observed  during  the  experiment 

TABLE  L  Percentage  Oxygen  Cencentratien  Fesud  During  Pyrolysis  of  Test  Materiab  as  a  Fbnctlen  of 
Aasoont  of  Material  Combusted 


Material 

Amonot  Ca—bBsted  (mm\ 

%0.  at  Incanadt 

Douglas  Fir 

200 

N/A 

Douglas  Fir 

400 

18  4:0.01 

Etouglas  Fir 

800 

17  ±0.71 

Douglas  Fir 

1600 

16.4  ±  0.55 

SBR 

200 

18.2  ±  0.45 

SBR 

400 

17.4  ±  0.55 

SBR 

800 

17.0  ±  0.71 

SBR 

1600 

15.6  ±0.89 

SBRFR 

200 

18.25  ±  0.5 

SBRFR 

400 

17.2  ±0.44 

SBRFR 

800 

16  ±  0.01 

SBRFR 

1600 

13.6  ±  0.55 

PEPU 

200 

N/A 

PEPU 

400 

18.25  ±  0.5 

PEPU 

800 

17.4  ±  0.89 

PEPU 

1600 

15.6  ±  1.14 

4 


Tables  n  and  ni  show  the  mean  and  standard  error  of  the  incapacitation  and  recoveiy  times  for  each 
material.  These  exposures  were  conducted  with  relatively  low  amounts  of  test  materials;  lethal  concentrations  of 
smoke  were  not  reached,  and  no  animak  died  of  exposure  related  effects;  however,  animals  exposed  to  h^her 
levels  of  polyether  polyurethane  combustion  products  exhibited  nasal  exudates.  Euthanasia  and  pathological 
examiruition  of  the  animals  di^daying  these  symptoms  toi  days  after  exposure  indicated  no  residual  tissue 
dartuge  from  inhalation  of  the  polyedier  polyuretfaane  inmlation  combustion  products. 

TABLE  n.  Mean  (A  S.E.M.)  Eqwsnro  tfnsefs)  te  IncapndtaMan 


Ifilaf 

ittJU 

mmM 

Uttju 

PEPU 

1800.00  (0.0) 

904.82  (42.5) 

707.44  (117.1) 

373.23  (35.3) 

SBR 

875.62  (57.1) 

714.96  (176.6) 

590.83  (120.1) 

351.38  (17.9) 

SBRFR 

772.91  (43.8) 

561.93  (97.0) 

464.42  (23.7) 

317.24  (21.3) 

DOUGAS  FIR 

1686.00  (74.9) 

756.22  (55.1) 

443.60  (22.8) 

345.00  (14.2) 

TABLE  IIL  Mean  (±  S.E.M.)  Duration  (a)  from  IncapaeUatioD  to  Recovery  of 

Function 

200  ma 

400  m« 

800  m« 

1600  me 

PEPU 

0.00  (0.0) 

95.24  (10.7) 

84.79  (8.0) 

86.39  (7.2) 

SBR 

59.23  (11.2) 

55.19  (8.5) 

54.23  (5.8) 

75.22  (10.7) 

SBRFR 

122.19  (36.2) 

97.37  (8.5) 

113.03  (23.4) 

129.7  (18.8) 

DOUGLAS  FIR 

27.00  (17.0) 

37.62  (4.5) 

70.82  (12.6) 

132.0  (22.4) 

Incapacitation 

When  the  results  of  the  four  doses  of  materials  tested  which  lead  to  incapacitation  were  aiulyzed, 
reliable  differences  in  time  to  incapacitation  were  found  to  be  produced  by:  Material  T3rpe  [F(3.64)  =  24.96.  p  < 
.0001];  Dose  [F(3.64)  -  1 18.00.  p  <  .0001];  and  the  interaction  between  h^terial  Type  and  Dose  [P(9.64)  « 

1 1.18,  p  <  .0001].  The  plotted  data  (Figure  2)  suggested  that  much  of  the  Material  effect  and  most  of  the 
Interaction  effect  was  attributable  to  differences  in  incapacitation  at  the  lowest  dose  (200  m^  where  tlm  effects 
of  Douglas  fir  and  Polyether  polyurethane  a{q>eated  to  be  substantially  less  incapacitating  than  those  of  the  two 
butyl  rubber  compound.  In  order  to  test  this  hypothesis,  an  ANOVA  was  recalculated  using  only  the  400,  8(X>, 
and  1600  mg  data.  While  this  analysis  yielded  a  reliable  effect  of  Dose  [F(2,48)  *  23.4S,  p  <  .0001],  the 
relialnlity  effect  attributable  to  Material  Type  was  substantially  attenuated  [F(3,48)  3.79,  p  >  .015]  and  the 

effect  attributable  to  the  interaction  of  Dose  with  Material  Type  was  obliterated  [F(6,48)  »  0.89,  P  >  .500]. 
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FIGURE!  Time  to  tocmritirinii  Venat  Amoimt  of  WItk  itantmA^  nmnotf  Haie  it  asMond  ia 

seconds  fiom  tbe  stsit  of 


Rcwvciy 

When  the  remits  of  iacipnrititint  doses  <rf  materials  were  analyzed  (Bfure  3),  reliable  difbrenoes  in 
dM  to  reoi^  were  found  fo  be  proifaiced  by:  Material  1>pe  IF(3^)  -  S35,  p  <  .0001];  Dose  IF(3, 63)  • 
10i»2,  p  <  .0001];  and  dao  by  tbe  bitenctioo  between  Material  T^pe  and  Dose  |F(9^) «  330,  p  <  .001^. 


FIGURE  3.  Time  to  Recovery  <rf  Consciousness  Venna  Amount  of  Wim  Tmmiarinn  Mwrrial  Burned.  Time 

recovery  is  measured  from  tbe  onsm  of  imcooacioQnms  to  tbe  time  wbea  tbe  nt  f^ains  tbe  ability  to  walk 


Pulrngnmr  Iiritttion 


Broncheoalveolar  Lavage  Fluid  (BALF)  Lactate  Dehydrogenase  (LI^  assay  data  are  shown  in  Figures 
4  and  5.  As  seen  in  Figure  4.  LDH  activity  in  the  BALF  firom  rats  immediately  after  exposure  to  smoke 
decreases  in  the  order  PEP  <  wood  <  control.  Figure  S  illustrates  that  the  LDH  in  BALF  immediately  after 
exposure  to  PEP  smoke  is  higher  than  that  observed  in  animals  that  are  allowed  to  recover  for  six  days. 


Figure  4  Lactate  Dehydrogenase  Activity  Measured  as 
Increasing  Absorbance  at  340  nm.  Animals  were  lavaged 
immediately  after  exposure  to  polyether  polyethelene 
smoke  or  after  recovery  for  6  days. 


F^rc  5  Lactate  Dehydrogenase  Activity  in  BALF. 
LDH  activity  as  measured  by  increasing  NADH 
absorbance  as  a  function  of  time. 


The  results  for  total  BALF  protein  determinations  are  shown  in  Table  IV.  These  measurements  indicate 
that  BALF  protein  is  elevated  after  exposure  to  the  combustion  products  of  the  materials  studied. 

TABLE  IV.  Total  Brondiealvcolar  Lavage  Fluid  Protein 


E2g.<;gVBE 

CONTROL 

WOOD 

POLYETHYLENE  POLYETHER  (IMMEDIATE) 
POLYETHYLENE  POLYETHER  (6  DAY  DELAY) 


TOTAL  BALF  PROTEIN  uaJml 

56.3 

142.5 

237.5 
110.0 
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DISCUSSICW 


lawpMiWaga 

These  results  suggest  that  there  is  a  substantial  difference  between  the  capacities  of  the  burned  materials 
to  produce  total  incapacitation,  but  only  at  the  lowest  doses.  At  low  doses,  polyether  polyurethane  combustion 
produced  no  incapacitation,  and  Douglas  fir  combustion  produced  minimal  incapacitation,  while  combustion 
products  from  both  butyl-rubber  compounds  rapidly  incapacitated  the  animals.  As  the  amount  of  material 
combusted  was  increased,  these  differences  were  significantly  reduced.  At  the  highest  dose  tested  (1600  mg),  an 
amount  of  material  which  produced  almost  complete  smoke-obscuration  of  the  aniinals  in  the  chamber, 
differences  in  incapacitation  time  among  the  nuterials  tested  were  not  statistically  significant.  For  all  <k>ses 
tested,  polyether  polyurethane  exposure  resulted  in  numerically  longer  times  to  incapacitation  than  either  of  the 
butyl-rubber  compounds.  At  doses  400  mg  or  greater,  however,  polyether  polyurethane  produced  marked 
respiratory  irritancy,  evidenced  by  excessive  lusal  discharge  not  observed  after  exposure  to  either  of  butyl- 
rubbers  or  Douglas  fir  combustion  products. 

Recovery 

The  results  from  the  recovery  tests  are  somewhat  less  conclusive  than  those  from  the  tests  of 
incapacitation,  due  to  higher  degrees  of  within-group  variation.  While  it  is  relatively  easy  to  operationally 
deftne  the  conditions  under  which  an  animal  can  be  classified  as  being  incapacitated,  it  is  much  harder  to  define 
those  conditions  vdiich  mark  the  return  of  consciousness  and  the  reestablishment  of  behavioral  capacity  in  the 
animal.  Even  though  the  measurement  of  recovery  from  incapacitation  |xoved  to  be  more  variable  than  the 
incapacitation  measure  itself,  the  results  obtained  augment  those  from  the  incapacitation  measure.  Since  no 
aniouls  exposed  to  polyether  polyurethane  smoke  were  incapacitated  at  the  lowest  dose  (200  mg),  recovery 
time  for  this  group  of  animals  was  zero.  For  higher  doses,  recovery  time  from  polyether  polyurethane-smoke 
induced  incapacitation  was  between  the  two  butyl-rubber  compounds.  Additionally,  in  nunked  contrast  to  the 
results  from  the  incapacitation  measures,  smoke  from  the  ftre  retarded  butyl-rubber  compound  was  more  toxic 
than  the  non-treated  butyl-rubber  formulation  as  measured  by  time  to  recover  after  incapacitation. 

PmlmpiatY 

The  data  in  Figures  4  and  S  as  well  as  that  contained  in  Table  IV  allow  analysis  of  the  effects  of  the 
combustion  products  on  lung  tissue.  The  LDH  specific  activities  calculated  from  this  data  are  shown  in  Table 
V. 


Table  V.  Bronchoalveoiar  Lavage  LDH  Specific  Activity  After  Exposure  to  Combustion  Products. 


£2£i^IZB£ 

LDH  SPECmC  ACTIVITY 

nmoics/iHo/iniB. 

CONTROL 

26.6 

WOOD 

33.7 

POLYETHYLENE  POLYETHER  (IMMEDIATE) 

73.3 

POLYETHYLENE  POLYETHER  (6  DAY  DELAY) 

73.6 

Overall  BALF  protein  (Table  FV)  is  elevated  after  exposure  when  compered  to  controls,  indicating  that 
there  is  cell  damage  or  protein  leakage  into  the  air  space.  Similarly,  LDH  specific  activity  is  elevated  after 


8 


APPENDKA 


As  described  in  the  chemical  analysis  sectioa  in  the  main  body  of  this  tepon,  smoke  gases  in  the 
inhalation  chamber  were  collected  by  drawing  8anq>les  of  the  chamber  atmosphere  through  a  tefloo  sanqtling  line 
to  an  evacuated  sample  bag  at  approximately  S  L/min.  Chemical  analysis  of  the  combustioo  atmoqthere  was 
conducted  using  a  Nicolet  740  fourier  transform  inCrared  spectrophotometer  (Model  740,  Nicolet  Instnanents, 
Madistm,  WIXFTIR).  The  instrument  was  equipped  with  a  20-m  gas  cell,  an  absolute  pressure  transducer 
(Baratron  122tu  MKS  Instruments.  Andover,  MA),  and  an  MCT-A  detector  cooled  to  77  K  with  liquid  nitrogen. 
Spectra  were  acquired  with  a  resolution  of  0.5  cm'‘  over  the  qtectral  range  of  600-Sl(X)  cm''. 

(ZoUected  samples  were  transferred  to  the  FUR  gas  cell  for  aiudysis  by  exposing  the  sanqde  bag 
combusti(»  atmoqrhete  to  the  gas  cell  at  an  initial  pressure  of  4mm  Hg.  Sample  transfer  into  the  20-meiBr  gas 
cell  was  assumed  to  have  been  coitqrleted  when  the  ixessure  inside  the  cell  reached  the  nmninal  laboratory 
atmt^iheric  value  of  743  nun  Hg.  Sample  analysis  was  performed  with  the  aid  of  the  Nicolet  automated  data 
analysis  programs  and  the  coneqwnding  reference  data  files.  The  gases  analyzed  were  COj,  CO,  COS,  CXXZli, 
HCN,  HO,  HF,  NH],  HjS.  H]0,  SOj,  NO,,  F^CO  (formaldehyde)  and  acrolein.  In  addition,  CH«  (methane)  and 
C2H4  (ethylene)  were  identified  but  not  quantitated. 

Hgures  Ala,  Alb,  Ale  and  Aid  are  the  IR  q)ectra  obtained  from  the  combustion  gases  of  wood,  SBR. 
SBRFR,  and  polyetber  polyurethane  reflectively.  Qualitatively,  these  spectra  are  very  similar  in  terms  of  the 
gases  produced  during  pyrolysis.  Under  the  cordons  of  the  combustion  studies,  €0^,  CX),  HCN,  HjO,  SO}, 
and  HjCO  were  detected.  M^or  absorption  bands  were  invariably  due  to  (X)}  and  CO.  (X>}  sigrumues  were 
found  at  718  and  2300  cm''.  IBgh  energy,  but  weakly  absorbing  bands  were  also  observed  for  this  gas  at  4978 


Figure  A1  Infrared  Spectra  Obtained  From  Ctunbustion  of  Wire  Insolation  Materials  and  Wood, 
a),  wood  b).  SBR  c).  SBFRandd).  polyetber  polyurethane. 
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cm'*.  The  strongly  absorbing  P  and  Q  branches  characteristic  of  CO  were  centered  on  the  21S0  cm'*  region  and 
its  overtone  at  4300  cm'*.  Wide  bands  in  the  regions  3200-4100  and  1200-2000  cm''  are  due  to  water.  The 
three  polymeric  materials  pyrolyzed  in  this  study  produced  HCN  as  evidenced  by  the  |xeaence  of  its  P  and  Q 
branches  centered  on  the  327S  cm  '  regioa  All  three  materials  also  produced  the  irritant  SO,  following  their 
pyrolysis.  The  SO,  signature  is  unique  in  that  it  resembles  a  typical  first  derivative  peak.  Tte  peak  ir^ctum 
point  was  located  at  1363  cm''.  Quantitation  by  FTIR  leads  to  the  data  shown  in  Tabk  Al. 


TABLE  AL  ConccBtntien  ef  Gnaca  Predaced  Daring  the  Pyrelyaia  ef  Dea^ka  Fir,  SBR,  SBRFR  and  PEPU 


GAS 

acygLAS-fiR 

SBR 

SBRFR 

PEPU 

CO, 

127S  ppm 

1S19  ppm 

1397  ppm 

901  ppm 

CO 

234  ppm 

226  ppm 

20S  ppm 

219  ppm 

cos 

N.D. 

N.D. 

N.D. 

N.D. 

COCl, 

N.D. 

N.D. 

N.D. 

N.D. 

HCN 

N.D. 

7  ppm 

16  ppm 

20  ppm 

HCl 

N.D. 

N.D. 

N.D. 

N.D. 

HF 

N.D. 

N.D. 

N.D. 

N.D. 

NH, 

N.D. 

N.D. 

N.D. 

N.D. 

H,S 

N.D. 

N.D. 

N.D. 

N.D. 

H,0 

0.13% 

0.10% 

0.10% 

0.07% 

SO, 

6  ppm 

76  ppm 

82  i^nn 

S  ppm 

NO, 

N.D. 

N.D. 

N.D. 

N.D. 

H,CO 

72  ppm 

N.D. 

N.D. 

N.D. 

C,OH, 

N.D. 

N.D. 

N.D. 

N.D. 

'Abbreviations:  SBR  (styrene  butadiene);  SBRFR  (styrene  butadiene  with  fire  retardant);  PEPU 
(polyetherpolyurethane);  N.D.  (not  detectable). 


Data  obtained  from  these  chemical  analyses  must  be  regarded  as  preliminary  because  the  methodology 
being  used  is  under  development,  and  they  were  collected  fiom  combustion  experiments  done  in  the  absence  of 
animals,  not  in  the  exposure  studies  described  in  the  body  of  the  report.  However,  they  offer  insight  into  the 
differences  in  the  combustion  products  of  these  three  materials.  The  data  in  Table  III  indicate  that  the  four 
materials  burned  produced  roughly  equivalent  amounts  of  CO,  and  CO;  however,  both  wood  and  the  SBR 
rubber  produced  low  levels  of  HCN  while  the  polyether  polyurethane  and  fire  retardant  (SBRFR)  rubber 
produced  nearly  equal  HCN  levels.  SBRFR  rubber  produced  the  highest  level  of  SO,  and  significant  HCN. 
The  polyether  polyethylene  produced  an  intermediate  level  of  HCN  and  no  SO,.  SBR  rubber  produced  low 
HCN  levels  and  SO,  levels  similar  to  SBRFR.  Additional  method  development  and  animal  stadies  are 
necessary  to  determine  the  relationships  between  these  findings  and  those  of  the  aniituil  bioassays. 
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cxpomra.  that  cell  damage  haa  oeeuned.  The  greater  poeumotoxie  potMdial  of  pofyedier  po^remAaae 

combustion  products  relative  to  wood  was  cleaify  reflected  in  die  d^iee  of  changes  in  HALF  total  protein  and 
LDH.  Polyether  polyurethane  combustion  products  caused  a  twofold  increase  in  BALF  marims  of  hmg  injury 
compared  to  wood  at  the  same  dose  level.  After  six  days  of  recovery,  the  BALF  analysis  dwwed  a  SOS 
decrease  in  total  protein  with  no  change  in  LDH  qjeciflc  activity.  These  data  suggest  recovery  fnaa  the 
alveolar-capillary  damage,  but  no  recovery  from  the  exposure-induced  cytotoxicity. 


Using  incapacitation  as  a  measure  of  toxic  effect,  the  dose  response  characteristics  of  the  materials 
tested  indicate  a  difference  among  the  materials  at  the  lowest  smoke  concentrations  used.  At  these  smoke 
concentrations,  the  wood  and  polyether  polyurethane  insulation  smokes  were  significantly  less  incapacitating 
then  were  the  thermosetting  rubber  combustion  products.  As  the  smoke  concentratioo  increased  to  intermediate 
values,  these  differences  dis^>peared.  As  the  amount  of  material  burned  was  increased,  the  time  to 
incapacitation  decreased  to  a  nearly  equivalent  value  for  all  materials  tested.  It  should  be  noted  that  as  the 
amoimt  of  material  burned  increased,  the  levels  of  oxygen  available  to  the  animal  decreased,  and  the  levels  of 
CO,  increased.  This  suggests  that  in  the  early  stages  of  an  actual  fire  situation,  both  the  polyether  polyurethane 
insulation  and  wood  combustion  provide  an  equivalent  impediment  to  continued  function  vdiile  breathing  the 
smoke.  Burning  thermoset  rubber  insulation  would  produce  a  smoke  that  would  impede  normal  function  more 
quickly.  By  the  time  the  burning  area  becomes  densely  smoke-fllled,  these  data  suggest  that  there  would  be  no 
difference  in  incapacitating  effect  among  smokes  from  the  materials  tested. 

The  results  obtained  from  the  recovery  measures  are  consistent  with  the  results  obtained  from  the 
incapacitation  measures.  Recovery  time  from  the  polyether  polyurethane  smoke  was  between  that  obtained  for 
smoke  from  the  two  thermosetting  rubber  materials.  The  Are  retardant  treated  thermosetting  rubber  had 
consistently  longer  recovery  times  than  did  the  identical  material  without  the  Are  retardant,  implying  that  the 
addition  of  the  Are  retardant  increased  the  toxicity  of  the  nuterial  when  recovery  is  used  as  a  measure  of 
toxicity.  The  polyether  polyurethane  smoke  exhibited  a  threshold  for  effects  that  reflects  the  fact  that 
incapacitation  did  not  occur  at  the  lowest  dose.  Above  the  200  mg  dose  group,  the  recovery  time  for  each  of 
the  three  nuterials  was  independent  of  the  material  or  the  amount  burned. 
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